This study was conducted to investigate the influence of smoking time (3 and 6 days) on the shelf life of cold-smoked kutum stored for 60 days at room temperature (25 ± 2 • C) via biochemical quality indices and fatty acids content analyses. The results obtained from peroxide value and thiobarbituric acid-index analyses indicated that prolongation of smoking time and preservation duration resulted in a higher degree of lipid oxidation (P < 0.05). Comparison between the treated samples mentioned less reduction (P > 0.05) in the pH values of 3 days-smoked kutum during the storage for 60 days. However, based on the results of total volatile base nitrogen, microbial spoilage significantly increased (P < 0.05) and exceeded above the acceptability limit when smoking time decreased to 3 days. The kutum smoked for 6 days were contained higher percentage (P > 0.05) of polyunsaturated fatty acids during storage, whereas those smoked for 3 days mentioned higher percentages of saturated fatty acids and monounsaturated fatty acids. Polyunsaturated fatty acids/saturated fatty acids ratio of both smoked groups was within the recommended values for the human diet. This study concluded that prolongation of the smoking time led to increase the shelf life of cold-smoked kutum with higher nutritional value during 60 days storage at room temperature.
INTRODUCTION
Shelf life and fish quality is very important due to increasing consumer demand for fish consumption. In this case, correct methods of processing and preservation can help to the quality of the products. [1] Generally, various food preservation techniques have been used to improve the microbial safety and increase the shelf life of fish, including freezing, chemical preservation, salting, and smoking. [2] Up to 70% of the total fish catch in developing countries is known to be preserved by smoking. Smoking is a traditional preservation technology that combines the effect of salting, deposition of smoke components, and drying. It produces the specific taste and color that is more preferable by consumers, as well as appearing to be raw due to minimal processing and low salt content. Moreover, the consumers choose the smoked fish and shellfish products with high percentage of long chain polyunsaturated fatty acids (LC PUFAs) of the n-3 family in fish lipids, because these fatty acids, which characterized as essential, are of extreme biological importance for human health. [3] Smoke contains many different components, such as aldehydes, ketones, alcohols, acids, hydrocarbons, esters, phenols, ethers, etc., which are deposited on the surface and later penetrate into the muscle and are responsible for color and taste. [4] Specifically, phenols are well known for improving the oxidative and microbial stability of smoked products. [5] Nevertheless, the deposition of those desired chemical compounds depends on the nature of wood and smoking conditions such as smoking time. [6] Kutum (Rutilus frisii kutum) is known as one of the most important and economic aquatics in Caspian Sea, which is mainly distributed along the south and southwest coast of this sea. [7] Nearly 60% (over 17,000 tons) of catch of bony fish in the southern part of Caspian Sea goes to this species. [8] However, this fish, similar to other fresh fish, has higher perishable nature compared to red meats and chicken. Generally, fish spoilage occurs through growth and activity of microflora and lipid oxidation which cause off-odor and off-taste by production of some metabolites changing sensory characteristics and customer acceptability. [9] According to this, kutum can lose its economic value, if it does not preserve in suitable protective methods.
Smoking has become a means of offering diversified, high value added products as an additional marketing option for certain fish species where fresh consumption becomes limited, due to overfishing. [10] This is right in the case of kutum, which has been shown to be good species for traditional cold-smoking with high sensory acceptance and a relatively long shelf life in Iran, especially in Guilan and Mazandaran, where are northern provinces of Iran. Heavy-salted, cold-smoked kutum is usually displayed in plastic bags at room temperature in fish markets in Iran. However, to the best of the authors knowledge, some aspects related to smoking process, quality, and preservation of this smoked fish remain unknown. In the previous research, [11] the effect of previous gutting on the biochemical quality of the cold-smoked kutum was carried out and it found that gutting before smoking process could improve the quality and shelf life of the kutum. Therefore, in this study, the influence of different smoking times on shelf life of cold-smoked kutum was determined, based on biochemical assessment and polyunsaturated fatty acids (PUFAs) content analysis in fatty acid profile.
MATERIALS AND METHODS

Sample Preparation, Salting, and Smoking
Fresh kutum (Rutilus frisii kutum) was caught from the Caspian Sea near the coast, and then was packed in a polystyrene box with crushed ice, then transferred to the smoke house in Frydoonkenar city, north of Iran. The mean weight and length of the fish samples were 500 ± 50 g and 30 ± 3.5 cm, respectively. After gutting and washing, all of the fish (24 individuals) were transferred to the smokehouse and then smoked at same manufacturing conditions, but different smoking times. Also, four fresh fish (n = 4) were used as a control for comparison with smoked samples.
All of samples were traditionally salted (30-35 kg salt per 100 kg fish) in a water proof container using mixed salting method at 22 to 24 • C for 4 days. Then, they were smoked using cold-smoking method at temperature not exceeding 32 • C for 6 days, and 3 days. All of these processes were done according to the practices used in a commercial processing facility in Mazandaran. After chilling at room temperature (25 ± 2 • C) for 6 h, the different smoked products were placed in plastic bags and stored at room temperature for 60 days. At each sampling time (0, 30, and 60 days) and for each kind of treated samples, four (n = 4) fish were employed for proximate, chemical, and fatty acid content analyses. All of samples were minced in a meat grinder (Wiggenlinser D-500) to prepare each homogeneous sample.
Proximate Analysis
Moisture content was determined by oven drying of 5 g of fish fillet at 105 • C until a constant weight was obtained and results were expressed as a percentage of the sample weight. [12] Ash was determined by incineration in a muffle furnace (Isuzu, Tokyo, Japan) at 600 • C for 3 h and results were expressed as a percentage of the sample weight. [12] Lipid was extracted from the mixed fish samples with a mixture of chloroform, methanol, and water [13] and results were expressed as a percentage of the sample weight. Protein (Kjeldahl N × 6.25) was determined from 1 g of sample for each treatment by AOAC [12] results were expressed as a percentage of the sample weight.
Biochemical Analysis
The total volatile base nitrogen (TVB-N) content of the fresh and smoked kutum was determined according to the method of Goulas and Kontaminas. [14] Ten grams of fish flesh was homogenized with 50 ml of distilled water using a Moulinex mixer. Distillation was done after the addition of MgO to homogenized samples. The distillate was collected in a flask containing a 3% aqueous solution of boric acid and a mixed indicator produced from dissolution of 0.1 g of methyl red and 0.1 g of methylene blue to 100 ml of ethanol. Thereafter, the boric acid solution was titrated with a 0.05 M sulphuric acid solution. The TVB-N value was determined according to the consumption of sulphuric acid and results were expressed as mg N/100 g smoked and fresh kutum flesh.
The peroxide value (PV) was determined in the total lipid extracts according to the method of Egan, et al. [15] 500 mg of fish flesh (smoked or fresh) was mixed with 25 ml solution of acetic acid and chloroform (ratio 3:2) and 1 ml of saturated potassium iodide. The mixture was stored in the dark for about 10 min prior to the addition of 30 ml of distilled water and 1 ml of freshly prepared 1% starch (w/v) solution. After shaking, the sample was titrated with 0.01 N sodium thiosulfate until the blue color disappeared. The PVs were expressed as milliequivalents (meq) O 2 /kg lipid.
Thiobarbituric acid-index (TBA-i) value was determined as according to the procedure of Egan et al. [15] 10 g of fish flesh was thoroughly homogenized with 50 ml of distilled water and 2.5 ml of HCl (4N). The mixture was subjected to the distillation process for 10 min. The obtained liquid (5 ml) was added to 4 ml of a solution containing 0.0288 g thiobarbituric acid and 90% acetic acid. The mixture was heated in a water bath at 100 • C for 30 min and then cooled down to 30 • C. After cooling, the absorbance was measured at 532 nm against a water blank. Results were expressed mg malondialdehyde (MDA)/kg fish flesh. Fish flesh (2 g) was homogenized completely with 10 ml of distilled water and the homogenate was subjected to pH determination by using digital pH meter (Multiline P4 WTW, Germany) at room temperature.
Fatty Acid Content Analysis
The lipid was extracted from 1g of minced samples with chloroform: Methanol (2:1 v/v). [11] The extracted lipids were methyl estered by BF 3 and then fatty acid methyl esters (FAME) was recovered by n-hexane. [16] FAME samples were analyzed using a Philips PU 4400 gas chromatograph equipped with a fused silica capillary column BPX-70 (25 m × 0.32 mm, film thickness 0.25 µm) and a flame ionization detector. The carrier gas was helium. The run method was through a temperature gradient from 160 up to 230 • C with an increase rate of 1.5 • C/min. Initial times, final times, and total run time were 0, 15, and 50 min, respectively. Before methylation, 1.0 mL of hexane containing 0.5 mg of heptadecanoic acid (C17:0, Sigma, Product number: H3500, South Korea) was added to all samples as an internal standard. Standard FAMEs from Supelco were run under the same conditions and the subsequent retention times used to identify the fatty acid (FA) in the fish lipid samples. Individual FA were identified and quantified by comparison with retention times and peak position of the FAME standards. FA composition was calculated from the total identified FA area and the values are averages of at least three injections of each sample.
Statistical Analysis
Results are reported as mean values of four determinations ± standard error (SE). All statistical analysis was performed using the SPSS software package, version 11.5 (SPSS Inc., Chicago). The mean values were analyzed by one-way ANOVA and Tukey-HSD at P < 0.05 to detect significant differences among groups. For pair comparison, the T-test was used.
RESULTS AND DISCUSSION
Proximate and Biochemical Analyses
Proximate and chemical analyses of fresh kutum, 3 and 6 days-smoked kutum are showed in Table 1 . The fat, ash, and protein contents of fresh kutum were 4.56, 4.63, and 23.42%, respectively. After the cold-smoking process, the contents of fat, ash, and protein in the both smoked samples increased significantly due to loss of water during smoking and an increase in the dry matter content per unit of weight following sample dehydration. The moisture content of fresh kutum was 67.43%, which is similar to the results were reported for smoked Atlantic salmon, [17] Chub mackerel, [14] Catfish, [18] and Atlantic mackerel. [19] For the 6 days-smoked kutum, the fat, ash, and protein contents were higher non-significantly (P > 0.05) when compared to those of 3 days-smoked kutum, which might be related to more decrease in the moisture content. In other words, prolongation of smoking time led to the fish being more exposed to heat, therefore, moisture decreased, which increased dry matter.
Lipid oxidation in both groups of smoked products was considered by using the PV and TBA-i values to monitor levels of primary and secondary oxidation products formed, respectively. The PV and TBA-i values of fresh kutum was 1 meq O 2 /kg lipid and 0.07 mg MDA/kg meat, respectively, which were much less than the suitable upper limits of 8 mg MDA/kg meat, [20] and 5 meq O 2 /kg lipid, [21] respectively. As expected, a significant increase (P < 0.05) of PV and TBA-i values was observed in both the 3 days-and 6 days-smoked samples ( Table 1 ). The enhancement of these parameters during the smoking procedure may be associated to the partial dehydration of fish and to the increased oxidation of unsaturated fatty acids as a result of exposed to atmospheric oxygen and heating owing to the smoking. [18] For the 3 days-smoked kutum, the PV value increased significantly (P < 0.05) from 1.7 to 3.6 meq O 2 /kg during first 30 days of storage and then decreased to 1.93 meq O 2 /kg up to the end of experiment. Similar trends with higher values were obtained for the 6 days-smoked kutum during 60 days of storage. Statistical comparison between two treated samples showed that there was only significant difference between the PV values on 60th days of the storage ( Table 2 ). Peroxides are the initial products of oxidation, but their usefulness as oxidation indicators are limited to early stages of rancidity development because they are relatively short lived. As oxidation proceeds, peroxides decompose to aldehydes or combine with proteins. [22] The TBA-i values are a range of secondary products of lipid oxidation, but mainly MDA. This method has been found to agree well with rancidity development in seafood based systems when compared to sensory analysis. [23] The TBA-i values in 3 days-or 6 days-smoked samples enhanced until the end of the storage and reached to 1.01 and 1.03 mg MDA/kg meat, respectively ( Table 2 ). The comparison of data mentioned that the TBA-i values of 6 days-smoked samples were higher significantly (P < 0.05) than those smoked during 3 days. This result can be attributed to prolongation of smoking time, which led to more reduction of water concentration and mutually, enhancement of salt concentration in tissue of the smoked kutum. These results are in agreement with results reported by other authors, [24, 14] who observed that salt contact with fish flesh enhances lipid oxidation and subsequently, TBA-i value.
TVB-N, which is produced from degradation of proteins and non-protein nitrogenous compounds, is mainly used for the determination of the microbial spoilage level and fish quality during the storage period. [14] In this study, the TVB-N value of fresh kutum was calculated as 8.86 mg/100 g (Table 1 ), which is indicative of freshness of raw fish material. This value is in close agreement with that of Metin, [25] who reported that the initial TVB-N content in raw chub mackerel was 9.96 mg N/100 g. Similar TVBN value was reported for fresh hake: 10.44 mg N/100 g. [26] In contrast, the initial TVB-N values of 3 days-and 6 days smoked-kutum (18.06 and 13.2 mg N/100 g, respectively) were significantly higher (P < 0.05) than the corresponding value of the fresh kutum. This difference is due to partial dehydration of the smoked samples (Table 1) and subsequent concentration of TVB-N constituents. As an expected, a significant increase (P < 0.05) of TVB-N values was observed in the both groups of smoked products (18.06 and 13.20 mg N/100 g) with time of storage (Table 2) , because it was related to bacterial spoilage. This increase in the 6 days-smoked samples was significantly (P < 0.05) lower than in the 3 days-smoked kutum during 60 days storage at room temperature and can be attributed to higher concentration of salt and consequently, its preservative effects. [27, 28] Moreover, prolongation of smoking time to 6 days might lead to increase of stability of the smoked product to bacterial spoilage, caused from more deposition of the phenolic compounds on the fish flesh. [5] The TVB-N values of 3 days-smoked kutum exceeded the above limit of 35 mg N/100 g [29] at the end day of storage (36.06 mg N/100 g). The pH is one of the most critical factors affecting microbial growth and spoilage of foods. The pH of living fish, although generally between 6.7 and 7.0, is subject to variation with time of year, feeding and degree of activity of the fish. [22] In this research, the pH value of fresh kutum was 6.34 (Table 1) . Right after smoking, pH of the 3 days-and 6 days-smoked samples significantly (P < 0.05) decreased to 6.14 and 5.83, respectively, which could be due to the lower moisture content of the samples caused by smoking and the salting. Similarly, Leroi and Joffraud [28] reported that salt had a highly significant linear decreasing effect on the pH of the smoked salmon. They, also, mentioned that the pH decreases in fish flesh by the salt addition owing to the increase of the ionic strength of the solution inside of the cells. Based on statistical analysis, there were no significant differences between the smoked samples during 60 days storage at room temperature.
Fatty Acid Content Analysis
The FA content (% of total FA) in the lipids extracted from fresh kutum, 3 days-and 6 days-smoked kutum are presented in Table 3 . Obtained results showed that smoking process led to decrease (P > 0.05) in FA content of the freshly smoked samples compare to fresh kutum. This difference can be caused by peroxidation of FA due drying and heating in the first stages of the process, when the concentrations of phenolic smoke antioxidants in the meat are still low. [30] However, there were no significantly statistical differences (P > 0.05) between two groups of the smoked kutum stored at room temperature. Stolyhow et al. [30] considered the FA composition of the lipids extracted from freshly smoked mackerel and smoked mackerel stored for up to 14 days. Their results did not show any significant changes in the FA content of smoked mackerel during storage, when was the same as this study, where neither a coherent pattern, nor mostly statistically significant changes was observed in the composition and content of the FA in lipids extracted from 3 days-and 6 days-smoked kutum during storage. The concentrations of eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) decreased slightly in both smoked samples during 60 days of storage (Table 3) , however, these losses were not statistically significant (P > 0.05). The comparison of data showed that the contents of EPA and DHA in the 6 days-smoked products at the end of storage period were partly lower than those obtained at the 3 days-smoked products (P > 0.05), which might be due to the relative increase in TBA-i and PV of the 6 days-smoked fish. In the experiments of Cha et al., [31] no significant changes in the concentration of EPA and DHA were found in the seasoned-dried Pacific saury treated with liquid smoke. The contents of fatty acid groups for 3 days-and 6 days-smoked kutum stored at room temperature are presented in Table 4 . There was no significant difference between the two smoked groups during storage. Based on the obtained results, the highest FA of the smoked kutum was monounsaturated fatty acid (MUFA) followed by saturated fatty acid (SFA) and PUFA in order. Al-Arrayed et al. [32] demonstrated that the MUFA content in benthic-feeding fish species higher than the PUFA, therefore, the high value of MUFA in this results is expected, because the kutum feeds mainly benthos. One of the criteria for estimating the biological value of lipids is the PUFA n-6/n-3 ratio. This factor has been suggested to be a useful indicator for comparing the relative nutritional value of a given fish. According to the UK Department of Health, a ratio within 0.20-1.50 would constitutes a healthy human diet and values higher than 1.50 would be harmful and may promote cardiovascular diseases. [33] In this study, the ratio of n-6/n-3 was ranged from 0.25 to 0.27 for 3 days-smoked kutum and from 0.2 to 0.21 for 6 days-smoked samples during storage. Moreover, a minimum value of PUFA/SFA ratio recommended is 0.45, [34] which is lower than those obtained from all smoked samples in this study. Therefore, it was concluded that the kutum was rich in unsaturated fatty acids even after smoking and 60 days preservation at room temperature, especially those processed during 6 days smoking. 4) replicates ± SE.Saturated fatty acids includes: C14:0, C15:0, C16:0, C18:0, C20:0, C22:0, C24:0.Monounsaturated fatty acids includes: C16:1, C18:1. * * Polyunsaturated fatty acids includes: C18:2, C18:3, C20:4, C20:5, C22:5, C22:6.
SHELF LIFE ASSESSMENT OF COLD-SMOKED KUTUM
CONCLUSION
The results of this study revealed that the prolongation of smoking time resulted in significant development of lipid oxidation (PV and TBA-i) because of more heating during smoking process and probably increase of salt concentration in muscle tissue of cold-smoked kutum. However, less microbial spoilage (TVB-N) was observed during 60 days storage at room temperature with increase of smoking time. This fact can be related to the deposition of more smoke constituents with antimicrobial activity (phenols, formaldehyde, etc.) which contributed to the extension of shelf life of the product. In this regard, TVB-N of the samples smoked for 3 days exceeded above the acceptability limit for human consumption. Increase of smoking time to 6 days led to the processed samples had higher percentages of PUFA (P > 0.05) during storage, compared to the 3 days-smoked products with higher percentages of SFA and MUFA. Hence, the kutum smoked for 6 days had a higher PUFA/SFA ratio than that smoked for 3 days. Totally, it can be concluded that prolongation of smoking time to 6 days led to increase the shelf life of cold-smoked kutum with more desirable biochemical quality followed by higher PUFAs. Results of this study can be applied to improve the existing methods of kutum processing and its storage in Iran.
